Abstract The increased occurrence of
Introduction
Salmonella is one of the primary causes of bacterial foodborne infections in humans that continues to be a global problem (Soumet et al. 1999; Yoke-Kqueen et al. 2008) . There are over 1.3 billion foodborne diarrhea cases occurred worldwide annually, resulting in 3 million deaths (Mastropeni and Maskell 2006) . In Malaysia, the incidence rate of foodborne disease is about 8,640 cases reported by the Ministry of Health for the year 1999, where 811 (9.4%) cases were due to Salmonella infections (Thong et al. 2002) . Most Salmonella enterica serovars can cause illnesses in humans. Ingestion of live Salmonella in food leads to salmonellosis, which includes gastroenteritis and typhoid fever, depending on the nature of the infected host and on the serovar of the infecting bacteria (Blanc-Potard et al. 1999) . Besides raw and undercooked meat, poultry, eggs, and dairy products as the primary source of human salmonellosis, there are also increasing reports of outbreaks associated with vegetables and fresh fruit (Thong et al. 2002; Noorzaleha et al. 2003 ). An outbreak of 1,196 cases of salmonellosis nationwide caused by Salmonella serovar Saintpaul (S. Saintpaul) , an uncommon Salmonella type occurred in 2008 in 42 states of United States and District of Columbia. At least 69 hospitalized cases were reported. This outbreak was linked to consumption of certain raw red plums, red Roma or red round tomatoes, and products containing these raw tomatoes (CDC 2008; FDA 2008) . In Malaysia, several types of fresh indigenous vegetables are consumed raw in locally known ''ulam'' which is equivalent to salad in western countries. The indigenous vegetables commonly in Malaysian is the ''ulam'' are mostly gathered from natural growth and eaten either fresh as salad, blanched cooked as pot herbs, or cooked to impart a distinct flavor to dishes which are popular among the Malay ethnic people (AVRDC 2004; Yoke-Kqueen et al. 2008 ). These include 'selom' (Oenanthe stolonifera), 'pegaga' (Centella asiatica), 'kesum' (Polygonum minus) and 'kangkong' (Ipomoea aquatica). The contamination of vegetables with Salmonella is common in areas where raw or untreated waste water is used for irrigation (Ait Melloul et al. 2001) . Therefore, the growing consumption of minimally processed fresh vegetables has led into an increase number of foodborne diseases outbreaks (Anon 2002) . However, salmonellosis that is associated with isolates from vegetable sources is not commonly reported in Malaysia.
Salmonella infections exhibit a complex pathogenesis and the etiology of salmonellosis mostly relies on multiple genes for full virulence with many of these genes clustered within Salmonella pathogenicity islands [SPIs] (Hensel 2004; Soto et al. 2006 ). According to Marcus et al. (2000) , SPIs are large gene cassettes within the Salmonella chromosome that encode determinants responsible for establishing specific interactions with the host and contributes to a particular virulence phenotype. The concentration of these virulence genes in cassettes of the genome probably indicates that the acquisition of the genes occurred by horizontal transfer from inter and intraspecies that are then integrated into the chromosome. The newly acquired genes are preserved by vertical transfer within in a single pathogenic clone (Salama and Falkow 1999; Courtney et al. 2006) . SPI 1 and SPI 2 each encode distinct type III secretion systems which consist of many components, including more than twenty proteins, some of which are homologous to those involved in flagellar assembly. The type III secretion systems deliver effector proteins that are unique to each pathogen into the host cell cytosol and which contribute to the specific virulence phenotypes (Marcus et al. 2000) . By delivery of these effectors, SPI 1 enables Salmonella to efficiently penetrate into the intestinal epithelium and induce apoptosis in macrophages (Lostroh and Lee 2001; Courtney et al. 2006) . On the other hand, SPI 2 encodes genes that are essential for intracellular replication and growth inside host epithelial cells and macrophages for the establishment of systemic diseases (Shea et al. 1996) . SPI 3 is believed to be necessary for the survival in a low Mg 2? environment within macrophages during the systemic phase of the disease. Recently, SPI 4 has been suspected to play a vital role in the invasion of cultured epithelial cells (Marcus et al. 2000) . Finally, SPI 5 genes encode proteins that are associated with enteropathogenesis which is most likely involved in fluid secretion and neutrophil recruitment (Fierer and Guiney 2001) .
To date, there is no major report published on any outbreak of food poisoning caused by Salmonella in Malaysia. However, according to previous studies the incidence of Salmonella species isolated from humans, animals and food sources in Malaysia has increased noticeably (Jegathesan et al. 1993; Yee and Ayob 1994; Son et al. 1995; Rusul et al. 1996; Sahilah et al. 2000) . Therefore, this study was undertaken to gather information about different serovars of S. enterica recovered from local indigenous vegetable and poultry meat, focusing on virulence factor gene identification by multiplex PCR targeting SPI genes.
Materials and methods

Bacterial strains and growth conditions
A total of 116 S. enterica isolates (2 reference strains and 114 from food sources) as shown in Table 1 were included in this study. All Salmonella isolates from food sources were recovered from poultry meat (commercial chickens) and indigenous vegetables (wet markets) around Selangor state, Malaysia in the year of 2000. No specific criteria were applied in the sample selection. The Salmonella isolates were presumptively identified and then forwarded to the Chemistry Department of Malaysia. The Chemistry Department of Malaysia is a national reference laboratory for microbiology food testing in Malaysia. Serotyping of the Salmonella isolates were carried out by the Veterinary Research Institute (Ipoh, Malaysia).
Multiplex PCR
Genomic DNA was isolated using the RBC Genomic DNA extraction kit (Realbiotech, Taiwan) according to the manufacturer's protocol. The concentration and purity of the isolated DNA was measured using the Biophotometer system (Eppendorf, Hamburg, Germany). Virulence factors in SPI 7 to SPI 10 are not included in this study as they are less stable than SPI 1 to SPI 5 according to Hensel (2004) . Primers for the SPI 1 to SPI 5 and a quorum sensing gene used in the PCR assays to detect different virulence genes are shown in Table 2 . The primers were first assessed in a singleplex PCR and followed by the multiplex PCR format. Two sets of Heptaplex PCR and a set of Hexaplex PCR were developed using an Eppendorf Mastercycler (Eppendorf, Hamburg, Germany). The final 50 ll reaction conditions of the multiplex PCR consisted of 20 ng of DNA, 19 PCR buffer with 2 mM MgCl 2 , 50 mM KCl and 10 mM Tris-HCl, 0.8 mM dNTPs, 3 unit of Taq polymerase (Intron, Korea) and primer's (Sigma, Singapore) concentration as in Table 1 (0.06-0.6 lM). A three step PCR amplification process with 30 cycles was performed in an Eppendorf Mastercycler (Eppendorf, Germany) with the program listed according in Table 2 . A non template control was included in each run. The amplified PCR products were resolved by electrophoresis in 3.5% agarose gel (Bioline, London, UK) for 90 min with 110 V and 0.05 mAmps, which was then stained with ethidium bromide (0.5 lg ml -1 ) and the amplified DNA fragments were visualized under a gel documentation system (Alpha Imager, Alpha Innotech, U.S.A). Several reference cultures from the American Type Culture Collection (ATCC14028, ATCC9150) were also included as positive controls. Each of the different PCR amplification products were purified and subjected to sequencing analysis for confirmation.
The multiplex PCR set assays were repeated three times with the same method as mentioned above to assess reproducibility. This assessment also involved the use of multiplex PCR on different days and different biological preparations of the same strain. In addition, a tenfold serial dilution of 80 ng/ll initial extracted S. enterica DNA was performed with the multiplex PCR for the sensitivity testing. Concentration of the diluted DNA was determined using a Biophotometer (Eppendorf, Hamburg, Germany). A total of three amplicons of a specific gene amplifications were subjected to direct sequencing reaction using a BigDye Terminator cycle sequencing kit with AmpliTaq DNA polymerase in ABI 3730 XL DNA Analyzer (Applied Biosystem, Foster City, California). The positive bands detected after from gel electrophoresis were analyzed by band matching using Bionumerics version 5.10 software (Applied Maths, Kortrijk, Belgium) to generate a dendrogram for a better clustering view. The discriminatory power of virulotyping was determined by calculating the discriminatory index using Simpson's index of diversity, as described by Hunter (1990) .
Results and discussion
Multiplex PCR is an essential tool for the a high throughput screening of pathogenic genes in bacteria which allows the simultaneous amplification of more than one target sequence in a single PCR reaction (Elnifro et al. 2000; Jofré et al. 2005; Trafny et al. 2006) . However, designing and optimizing multiplex PCR primers with regards to annealing temperatures, combination, distinguishable product size and high specificity without mispriming is complicated. In this study, three set of the multiplex PCR namely two sets of Heptaplex PCR and a set of Hexaplex PCR derived from a careful selection and combination of primers were evaluated on a collection of 116 S. enterica ? ?
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XX ( Table 2 Three set of optimized multiplex PCR and primers sequences used to detect the virulence genes of S. enterica et al. (2008) isolates representing 38 serovars that were recovered from poultry meat and various indigenous vegetables in Malaysia. Thong et al. (2005) demonstrated that the preferential amplification of one target sequence over another (bias in template-to-product ratios) in multiplex PCR can be overcome by increasing the amount of primers for the weaker amplification while simultaneously decreasing the primer concentrations for the stronger amplification. Upon adjustment of the relative ratio of the primer sets (Table 2) , precise and consistent amplification of all the virulence genes in the multiplex combination was achieved. The results of the optimized Hexaplex (Fig. 1a) and Heptaplex (Fig. 1b, c) PCR revealed high specificity with amplimers of the expected size and without any nonspecific bands from unspecific amplification. Furthermore, a the BLAST sequence alignment of the DNA sequencing results (First Base, Malaysia) confirmed the amplified PCR products of a quorum sensing gene and SPI genes which exhibited high similarity to their respective target gene sequences in NCBI GeneBank database (data not shown). The developed multiplex PCR sets were able to amplify the SPI genes with the expected bands in all the S. enterica isolates at the minimum concentration of 0.8 pg ll -1 genomic DNA (Fig. 2a-c) . Thus, the multiplex PCR sets designed in this study allow the sensitive detection of S. enterica SPI genes.
Generally, subspecies I of S. enterica are significant differences in virulence, host adaptation and host specificity, and have been categorized into three different groups: broad-host-range, host-adapted, host-restricted serovars (Baumler et al. 1998; Uzzau et al. 2000) . Serovar Typhimurium and Enteritidis are broad-host-range subspecies that causes systemic disease in a wide range of animals. According to Marcus et al. (2000) , SPI 1-5 are not present in all species of Salmonella and varying in host specificity. However, the virulence determinants that define host range and the degree of pathogenicity in a specific animal host are not fully understood (Heithoff et al. 2008) .
All isolates in this study possessed at least 70% of the virulence associated genes tested with various of banding patterns (Fig. 1a-c ) generated by the multiplex PCR sets. In general, hilA, hilC, orgA, ttrB, misL, rhuM, rmbA, pipB, pipD, sopD and sdiA were found to be 100% prevalent in this study, followed by mgtC, orfL and Spi4-F (99%), sifA (98%), hilD and sopB (97%), ssrB (95%), hilA and pipA (94%), and sopE (83%). The occurrences of these virulence genes are summarized in Table 1 . Notably, all the isolates demonstrated positive results on the sdiA gene amplification. sdiA is a quorum sensing gene that encodes a signal receptor of the LuxR family to achieve intercellular signaling for intestinal survival or colonization (Halatsi et al. 2006; Walters and Sperandio 2006) . Results of 100% prevalence for sdiA and hilA are consistent with the previous findings by Halatsi et al. (2006) and Pathmanathan et al. (2003) respectively, who reported that sdiA and hilA appeared to be conserved in S. enterica.
SPIs are also known to be associated with adhesion, cell invasion, intracellular survival and chloride secretion. (Klein et al. 2000; Lee et al. 2000; Brumell et al. 2002; Hughes et al. 2008) . In addition, the only gene in SPI 3 that has been identified with a virulence phenotype is mgtC (99% prevalent), a Salmonella-specific gene required for the adaptation to the low Mg 2? and low pH environment found in the intracellular vacuolar environment that contribute to intramacrophage survival (Blanc-Potard et al. 1999; Fierer and Guiney 2001) . The abundance of SPI 1, SPI 2 and SPI 3 genes in this study suggested roles in the virulence of S. enterica to humans. The DNA sequence of SPI 5 consists of six putative genes that are thought to be involved in the fluid accumulation and inflammation in ligated bovine ileal loops and normal virulence in systemic infections of mice (Fierer and Guiney 2001) . Four of these genes were found to be prevalent in this study: sopB (97% prevalent), pipA (94%), pipB (100%) and pipD (100%). The possession of these 20 virulence factors suggested that the S. enterica poses the ability to cause systemic and enteric salmonellosis in humans.
On the other hand, 47% of the S. enterica serovars investigated possessed heterogeneous virulence associated gene patterns in this study. According to Prager et al. (2003) , differences in terms of virulence factor concentrations might be the explanation of heterogeneous events in their clinical outcomes. Thus, the same serovar might cause more or less pathogenicity due to each of the particular genes contributing to the unique virulence properties. Observations from this study revealed that S. Saintpaul exhibited various virulotyping patterns within a serovar.
The virulence-associated genes in profile XIX A (lacking of sopE) as shown in Table 1 is the most common profile shared within the isolates in the heterogeneous pattern category. The results from this study are in agreement with Streckel et al. (2004) and Hughes et al. (2008) who found a low prevalence of the sopE gene in S. enterica. SopE is encoded by a P2-like cryptic bacteriophage (SopEA) (Hardt et al. 1998) . The sopE gene is carried by prophage which is present in the genome of serovar Typhimurium which causes epidemics among cattle in Europe (Mirold et al. 1999 ). In addition, Zhang et al. (2002) also demonstrated that acquisition of sopE by phagemediated horizontal gene transfer increases the ability for host adaptation. Results from this study showed that 83% of the S. enterica strains tested possess the sopE gene that potentially contributes to zoonotic salmonellosis. The dendrogram shown in Fig. 3 indicated that at 95% similarity level the same virulence profiles could be distinguished into 6 clusters (A, B, C, D, E and F) and 7 single isolates with the D value of 0.462 tend to cluster together. Among the 6 clusters, cluster C with and XVIII G . The origins of the majority of the S. enterica isolates characterized with full virulence (XX) patterns in this study suggested that the local indigenous vegetables and poultry meat could be the major reservoir for the foodborne illness in Malaysia, particularly salmonellosis.
Generally, no specific trend observed in the association of virulence associated genes with the serovar in analyses of poultry meat and vegetables isolates. Negative amplification results of virulence associated genes might be due to either to simple point mutations or the absence of the gene.
In conclusion, three sets of multiplex PCR system, two Heptaplex sets and one Hexaplex, targeting 20 virulence genes of S. enterica, were successfully developed. The assay is reproducible, sensitive, easily performed and enables a presumptive identification of selected virulence factors of the causal pathogen. This assay should helped to improve virulence-associated gene profiling in S. enterica and allow quick monitoring of emerging pathogenic Salmonella spp. Additionally, the assay can be add to the current available tools for the Salmonella surveillance study. Table 1 
